Background: Neurological soft signs in remitted state of bipolar disorder may represent trait deficits and the aim of this study was to examine the extent of neurological soft signs in euthymic patients with bipolar I disorder as compared to healthy controls. We conducted this study in Zagazig University Hospital upon 60 subjects divided into two groups: euthymic patients with bipolar I disorder group (30 patients) and control group (30 healthy individuals). Assessment of neurological soft signs was performed through Neurological Evaluation Scale and the euthymic state was determined by Young Mania Rating Scale and Hamilton Depression Rating Scale. Results: The euthymic patient group exhibited a significantly worse performance in the total Neurological Evaluation Scale and the whole four subtest scores than healthy control subjects. There was a statistically significant association between total neurological soft sign score and mood stabilizer therapy in the studied patients. The age of onset of the disorder was correlated to the total score of Neurological Evaluation Scale which is statistically significant. The best cutoff points of the total neurological soft signs score in the discrimination between the euthymic patient group and control group was 3.5 according to the receiver operating characteristic curve. Conclusion: This study may emphasize the role of neurological soft signs as a sign of organic brain disorder; however, further studies may be able to extend our findings to explore the etiology and pathogenesis of bipolar I disorder.
Background
Neurological soft signs (NSS) are described as sensory and motor performance non-localizing defects recognized through clinical examination. NSS involves observable sensory integration, motor coordination, and complicated motor sequencing defects that do not indicate a particular neurological disorder. Previous biological studies have demonstrated that these soft signs reflect functional disorders in the brain [1, 2] .
Bipolar disorder (BD) is a significant cause of worldwide disability, an extremely common, often progressive disease with elevated treatment resistant, recurrence, and chronicity rates, and linked with elevated suicide and medical comorbidity rates of premature mortality [3, 4] .
Despite various improvements in understanding bipolar disorder's etiology and underlying mechanisms, the results are still poor for many patients. As improvements can be produced with early management, appropriate early detection techniques such as biological peripheral biomarkers need to be developed [5, 6] .
Neurological soft signs are suggested as a significant clinical tool for defining a subgroup of patients with neurodevelopmental predisposing factors that may have genetic and environmental roots [7] . Most extensive research has shown a greater incidence of neurological defects in schizophrenic patients; 92% of schizophrenic patients, 52% of patients with affective disorder, and only 5% of control subjects have recorded neurological signs [8] .
While NSS is the focus of a growing amount of schizophrenic research, comparatively few studies tackle the problem of NSS in bipolar I disorder [9] .
It was suggested that NSS may be specifically associated with bipolar I disorder but not unipolar depression. The specificity of NSS expression reinforces the theory that NSS may play a potential role in early detection of the illness as a trait marker but not a state marker helping the discrimination of bipolar I disorder from disorders less likely to have a neurodevelopmental component [10] .
Therefore, the aim of this study is to determine the scores of NSS in bipolar I disorder patients in remission state (euthymic patients) compared to healthy controls, in addition to explore correlation with some sociodemographic data and clinical characteristics of these euthymic patients.
Methods
A case-control study was conducted in Zagazig University hospitals at the psychiatry department. The study was conducted on 30 Egyptian subjects who were diagnosed to have bipolar I disorder in full remission (euthymic patients) (group A) which were selected by simple random sampling technique and on 30 apparently healthy persons as control group (group B). Recruitment was conducted between 1 October 2017 and 31 December 2018, and subjects who met the following eligibility criteria at enrollment were invited to participate: (1) both sexes were included: (2) age ranged from 20 to 50 years old: (3) patients fulfill the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (DSM-IV-TR) criteria for bipolar I disorder in full remission [11] : (4) all participants in both groups were matched for age, gender, and social classes. We excluded subjects with (1) age below 20 or above 50 years old, (2) patients having a history of medical, neurological, or other psychiatric disorders including substance use and alcohol, (3) patients presenting during the acute stage of the illness, and (4) refusal of participation. Ethical committee approval and written informed consent were obtained. All subjects were interviewed by a psychiatrist subjected to the following:
1. Collection of clinical and sociodemographic: All subjects were interviewed by a psychiatrist using semi-structured questionnaire specially developed for this study as designed to collect sociodemographic data as age, sex, marital status, education, occupation, age of onset of the disorder, duration of illness, number of admissions, and number of manic or depressive episodes.
Structured Clinical Interview for DSM-IV-TR Axis
I Disorders (SCID-I) [12] : To exclude current psychiatric disorders of Axis I. It is a structured checklist interview that helps by its end to reach DSM-IV-TR diagnosis as it contains a majority of psychiatric disorders with its subtypes. We used a clinical version for its simplicity and easy administration and because it does not differ on the basis of the type of subject being interviewed, so it can be used for the patients and healthy control subjects. 3. Young Mania Rating Scale (YMRS) [13] : To assess symptoms of mania and its severity. It is a highly reliable scale that consists of 11 items that screen all manic symptoms (some graded from zero to four and others from zero to eight). The rating depends mostly on the observation of the clinician and also on the words of the patients. This scale takes less than half an hour to end and to consider patient in euthymia, he should have a score lower than 12. 4. Hamilton Depression Rating Scale (HDRS) [14] : To rate symptoms' severity of depression. It consists of 21 items. The scoring was based on the first 17 items that sum to give the final score while the remaining items are used to characterize manifestation of depression rather than the severity of it. This scale takes from 20 to 30 min to be completed and a patient is considered euthymic if he scored less than 12. 5. The Neurological Evaluation Scale (NES) [15] : It is a structured instrument for the assessment of neurological soft signs. It includes representative items of sensory integration, motor coordination, sequencing of complete motor acts, and developmental reflexed. Each item is scored on a 3point scale: 0 = no abnormality; 1 = mild but definite impairment; and 2 = marked impairment except for the snout, suck, and glabellar reflexes which are scored either as a 0 or 2. This scale was performed by a senior professor of psychiatry. 6. Fahmy and El-Sherbini's Social Classification Scale [16] : Participants were classified into social classes 1, 2, 3, and 4 according to an Egyptian classification developed by Fahmy and El-Sherbini. The classification is based on the following parameters: education of the father, education and work of the mother, income, crowding index, and sanitation.
Since the patients could not be asked to stop taking their medications-even temporarily-and these medications may affect some of the categories of NSS, we also tried to consider the analysis to assess any possible relationships between medication and NSS.
Therefore, we managed to categorize the type of medications into two main groups according to their pharmacological properties: (1) psychotropic drugs (antipsychotics and antidepressant) and (2) lithium and antiepileptic as mood-stabilizing agent.
The work has been carried out in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki) for studies involving humans.
Statistical analysis
All data were recorded and entered into a statistical package on a compatible computer and varied. The analysis was carried out using an SPSS, version 25 (SPSS Inc., Chicago, Illinois, USA). The results were tabulated, grouped, and statistically analyzed using the following tests: descriptive statistics (for quantitative data), as we used mean, median and range, and frequency with relative percentage (for qualitative data); the Student t test, used to test for significance of an independent variable (to compare between two independent means); Pearson's chi-squares (χ 2 ) test was used to calculate difference between qualitative variables; Kruskal-Wallis (KW) test was used to calculate the difference between quantitative variables in more than two groups in not normally distributed data; Spearman's correlation coefficient (r) was used to test correlation between NSS and continuous variables; the sensitivity, specificity, predictive values, accuracy, and likelihood ratios of NSS as an indicator of bipolar I disorder were calculated; and P value used to indicate the level of significance was P less than 0.05, P less than 0.01 for a highly significant difference, and P less than 0.001 for a very highly significant difference.
Results

Demographic data
The demographic characteristics of the euthymic bipolar I patients and controls, as shown in Table 1 , showed that there was no statistically significant difference between the studied groups in all items of sociodemographic characteristics.
Clinical characteristics
All patients were euthymic at the time of testing; their mean age of onset was 31.8 years old, with a mean duration of illness of 4.7 years, mean duration of longest admission of 4.7 weeks, and median number of previous episodes of 5. Most of them, 93.3%, received antipsychotics therapy and 90.0% had lithium carbonate therapy ( Table 2) .
Neurological soft signs (NSS) of the studied groups
The total NSS score ranged from 3 to 12 in the patient group with a median of 6, whereas it ranged from 0 to 3 in controls with a median score of 1. The total NSS score was significantly higher in the patients compared to the controls (P < 0.001) which have been demonstrated in ( level was correlated with a low occurrence of NSS which was shown in (Table 4 ).
NSS total score in discrimination between euthymic patients group and control group
The ROC curve analysis shows that NSS scores had a good differential efficacy for euthymic patients and healthy controls (AUC = 0.99, (0. 9-1.0)). The optimal cutoff point for NSS scores was more than 3.5 (sensitivity = 96.7%, specificity = 100%) with positive predictive value 100% and accuracy 98.3% as shown in (Table 5 ) and (Fig. 1 ).
Discussion
While the sample of this research does not meet community sample requirements, its epidemiological and clinical features may make it cannot be a representative sample for bipolar disorder. The slightly bigger proportion of males than females (53.3% and 46.7%, respectively) is very near to the usual frequency of mood disorders, as bipolar disorders are approximately equally common in males and females with a greater tendency towards hypomanic traits [17, 18] .
Most patients were either divorced or single (66.7%). Separate and divorced patients, either as a cause or as a consequence, have the largest rates of mood disorder. Presentation of patients in the unmarried single state can be explained by the early start of the disease which reduces their chance of being accepted for marriage due to the stigma of psychiatric disorders [17, 18] .
The sample of this study showed a mean age at onset of the disorder of 31.8 years, which is consistent with other studies [19] [20] [21] . This, together with the mean duration of illness of 4.7 years and frequent hospitalization, gives an idea about the burden of this disease on the patients and their families especially their caregivers [22, 23] .
Neurological soft signs (NSS)
Some researchers propose that NSS reflects a failure in the integration within or between sensory and motor systems [24] , while others argue for deficits in neuronal circuits involving subcortical structures (e.g., basal ganglia, brain stem, and limbic system) [25] . Some NSS has been suggested reflecting a more general "latent" neurological dysfunction; their research reinforces the concept of NSS as a marker of disordered neurodevelopment [26] .
Although the presence of NSS has been widely documented in schizophrenia, in bipolar disorder, the same has not been achieved. In this research, bipolar patients showed a much worse performance on the NES than control subjects, thus strengthening the hypothesis that NSS can play a part in early identification of the disease, acting as trait markers [26] [27] [28] [29] .
From the above results, we can deduce that bipolar disorder, which can be regarded as one of the neurodevelopmental diseases, involves obvious neurological deficits in the neuronal circuits comprising the four categories of NSS, helping early detection of susceptible patients.
Sociodemographic and clinical variables in relation to NSS
In this study, there was no statistically significant gender correlation with NSS prevalence. This may be incompatible with comparable research on schizophrenia and the first psychotic episode, considering male gender as a predisposing factor for NSS development in schizophrenic patients [24, 30] . Also, there was no statistically significant relation between NSS and the age of patients, consistent with comparable NSS research in schizophrenia and psychosis [24, 30] .
There was no correlation between the total NSS score and the age of the patients in this research and in accordance with other studies [31, 32] . However, in neuroimaging research, an adverse correlation was discovered between BP age and gray matter volume [33, 34] . These modifications in histopathology could explain the earlier reported rise in NSS by age [35] .
No significant correlation existed between total NSS score and gender. Similar findings were recorded [31, 31] . In female bipolar and schizophrenic patients, however, greater NSS scores were discovered [35] . Gender influence on NSS frequency in BP appears to be poorly studied and the findings are contradictory and inconsistent.
In this study, patients with low level of education had significantly higher scores of NSS which is in agreement with other studies [33, 21] . This finding may give a clue to the NSS associating bipolar I disorder most probably as a trait marker [21] .
However, Negash et al. have not found such a correlation [29] . Generally, educational failure in BP would be related to cognitive dysfunction rather than to premorbid intellectual deficit [29, 34] .
No correlation was found between age at onset of BD and the score of NSS, which is consistent with the results of the only study that evaluated this association [35] . This describes the lack of correlation between the NSS and disease length. However, after 2 to 4 years of BD evolution, other trials revealed a reduction in NSS results [36, 37] . In essence, the improvement involved the sensory integration sub-score associated with improving mood symptoms [37] .
No correlation existed between the NSS score and mood episode criteria. However, correlations between these state markers and trait markers such as the NSS are difficult to conclude. No correlation was discovered with either the number of episodes or their severity in line with this research [29] .
NSS scores did not differ between patients whether treated by antipsychotics or not. This finding is in agreement with the results of other studies [28, 29] . Indeed, NSS are present in patients who have never been treated with antipsychotics and are not induced by antipsychotic medication [31, 38] .
Diagnostic performance accuracy of total NSS score
In the assessment of the diagnostic performance accuracy of total NSS score in the current study according to the ROC curve, the total NSS score demonstrated a high (Table 5 ) revealed that the best cutoff point for the total NSS score to discriminate euthymic bipolar I disorder from control subjects was more than 3.5. This cutoff point provided sensitivity and specificity of 96.7% and 100%, respectively, positive predictive value of 100%, negative predictive value of 96.8%, and diagnostic efficiency of 98.3% accurate in discriminating between euthymic bipolar I disorder patients from healthy controls indicating excellent diagnostic performance; also, area under the curve was 0.99 which was highly significant (< 0.001).
So, NSS as measured by NES can be considered as a further step in the diagnosis of bipolar I disorder and may be used as organic indicators in these patients which is supported by the study that was done by Noroozian et al. [35] .
Limitations
There should be some limitations in our research. First, BP recruitment occurred solely in an outpatient psychiatric department and at the moment of incorporation they had to be euthymic. They may not generally represent the NSS frequency in BP. Furthermore, because there was a male predominance, our sample cannot be representative of BD. This can be clarified by a selection bias because in our psychiatric department, male patients were more recruited. Second, using only hospital employees as healthy controls can result in a bias in selection. Also, because of the lack of patients on monotherapy, it was difficult to demonstrate the impact of each drug on the NSS individually. It must be acknowledged that examining drug-free patients is the most methodologically efficient method. However, it is highly uncommon to discover patients with proven bipolar disorder who are medication-free in clinical practice.
Conclusions
In conclusion, this study may emphasize the role of NSS as a sign of organic brain disorder that supports the hypothesis that bipolar disorder could be a neurodevelopmental disorder; however, further studies may be able to extend our findings to explore the etiology and pathogenesis of bipolar I disorder. 
